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(%) METHOD OF RECORDING PCM SIGNAL.

() In this PCM signal recording method, when PCM signals
for at least one channel are recorded on a plurality of record-
ing tracks for each channel, the input PCM signals for one
channel are distributed according to the plurality of recording
tracks with at least one word taken as a unit, and then these
distributed signals are each encoded independently and are
recorded on the corresponding recording tracks. Examples of
means for distributing the input PCM signals in one ore more
word-units include a means for successively distributing the
PCM signals to the corresponding recording tracks for a pre-
determined number of consecutive words, and a means for
successively distributing to the corresponding recording
tracks a plurality of consecutive words equal to the number of
recarding track per channel. This encoding processing is such
that the input words are separated according to whether the
input sequence thereof is odd or even, and odd and even
words are each delayed, are provided with independent sign
error correction codes, and are interleaved before being
synthesized. e
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SPECIFICATION

Method of Recording PCM Signal

Technical Field

This invention relates to a method for record-
ing PCM signals, according to which one-channel PCM
signals are distributed and re@orded on plural recording
tracks. More particularly, it relates to the method for
recording PCM signals according to which the effect of
encoding such as interleaving or addition of error
correcting codes is not cancelled at the time of dis-
tfibution and recording. |

Background Art

In recording or reproducing PCM signals in
general, coding errors are caused in known manner due
to defects in the recording medium, troubles in recording
or reproduction, noises or disturbances. Thus an encoder
is provided at the recording side to effect interleaving
(data rearrangement) or addition of parity or error
correcting codes, while a decoder is also provided at
the reproducing side to effect deinterleaving (the
reverse of interleaving), error detection and correc-
tion, or data interpolation.

When plural recording tracks are associated

with each channel of single-channel or multichannel PCM
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signals for recording or reproduction, the signals are
first passed through the aforementioned encoder, and

are then distributed by switching distributing means,
such as multiplexer, to the recording heads. In this
case, even when the interleaving operation is performed
at the encoder in accordance with a predetermined rule,
the effect of interleaving may be lowered at the time
that the signals are distributed to the respective tracks
by the multiplexer. 1In addition, since the error
correcting code words are provided to the respective
word rows allotted to plural tracks, it becomes impos-
sible to perform a normal error correction in the event
that the signals are absent in a given track for prolonged
time. Moreover, the allowable limit for error occurrence
becomes narrow as a whole.

In view of the foregoing, it is a principal
object of the present invention to provide a method of
recording PCM signals according to which, when the PCM
signals for one channel are distributed and recorded in
plural tracks, the encoding operation such as the afore-
mentioned interleaving or addition of error code may be
improved in validity, thus assuring high-gquality record-
ing and reproduction of the PCM signals.

Disclosure of the Invention

For accomplishing the above object, the present
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invention contemplates to provide a method for recording
PCM signals wherein each channel of the PCM signals of
at least one channel is correspondingly distributed to
plural recording tracks for recording, characterized in
that respective words of the PCM signals for one channel
are correspondingly distributed to said recording tracks

by switching distributing means in accordance with a

- predetermined matrix pattern, these PCM signals composed

of these distributed words and associated with the
respective tracks aré supplied to plural recording
heads through respective separate encoders adapted for
separately correcting code error in such a manner that
plural recording tracks are formed on the recording
medium.

The aforementioned switching distributing
means may for example be so designed that word sets
each consisting of a predetermined number of consecu-
tive words are distributed successively to respective
recording tracks. Alternatively, it may be so desinged
that a plurality of consecutive words of the input PCM
signals equal to the number of the recording tracks for
one-channel PCT input signals are allotted word by woxd
to said recording tracks. The aforementioned encoder
is preferably so designed that the word row or group

corresponding to one recording track is divided into
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the odd number words and even number words in the order
of input, the odd and even number words thus separated
from each other are shifted by a predetermined time
interval from each other, the odd and even number words
are subjected separately to code error correcting
encoding, and the odd and éﬁen number words thus shifted
in timing and coded are combined and supplied as output.

Brief Description of the Drawings

Fig. 1 is a schematic plan view showing an
example of the track pattern to which the present
inven?ion can be applied. Fig. 2 shows the construc-
tion of signals recorded on the data and control tracks.
Fig. 3 shows an example of head arrangement. Figs. 4
and 5 are block diagrams showing examples of construc-
tion of the recording and reproducing systems for
recording the format A. Fig. 6 is a block view showing
an example of construction of the encoder arrangement.
Figs. 7 and 8 show the signal construction for one
block and the manﬁer of interleaving. Fig. 9 is a
block diagram showing an example of decoder construc-
tion. Figs. 10 and 11 are block views showing the
construction of the recording and reproducing systems
of the invention. Figs. 12 and 13 are block views

showing the recording and reproducing systems for
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recording the format C according to a further embodiment

~of the invention.

Best Mode for Execution of the Invention

The present invention is now described by
referring to an embodiment as applied to a fixed head
type PCM sound recorder.

First of all, the fixed type PCM sound recorder,
such .as described in our.copending application (Japanese
Provisional Patent Application 82-27410) is described by
way of an example.

Eor more widespread use of the fixed head
type PCM recording and reproducing apparatus, it is
desirable that the recording format, such as number of
tracks allotted to each channel, be unified. However,
when the PCM signals subjected to coding with the same
redundancy are to be recorded with the same linear
density, since the number of tracks is inversely
proportionate to the tape speed, it is difficult to
reach a sole unified recording format, when the object
of use is- taken into consideration. For example, the
method of recording one-channel PCM signals in one
track is advantageous in that a plurality of channels
can thereby be recorded, but it is disadvantageous in.
that the recording time for a predetermined tape length

becomes shorter due to the increased tape speed, or
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in that the tape drive system is complex in design
because of the necessity for controlling tape travel
to a predetermined manner. On the contrary, the method
of recording one-channel PCM signals in a plurality of
tracks provides for a decreased tape speed, but it is
unable to increase the number of channels.

In the example described below, the PCM
signals are recorded by three kinds of recording formats
having different numbers of tracks per channel.

The number of data tracks that can be recorded
on the magnetic tape depends on the tape width. For
example, 8 data tracks TDg to TDy are formed on a
magnetic tape 1 which is 1/4 inch wide, as shown in
Fig. 1. Tracks TAj, TA; for recording of analog signals
are formed on the upper and lower edges of the magnetic
tape 1, while 8 data tracks TDg to TDy7, a control track
TC and a time code track TT are formed between the
analog tracks TAj and TA,. To the upper side of a
center (shown by a chain-dotted line) of the magnetic
tape 1, the control track TC is positioned, and the data
tracks TDg to TD3 are located between the analog track
TAj and the track TC. To the lower of the center of
the magnetic tape 1, there is positioned the time code
track TT, and the data tracks TD4y to TDy7 are located

between the track TT and the analog track TAj.
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When the magnetic tape 1 is 1/2 inch wide,

analog tracks TAj;, TA; are formed on the upper and

lower edges of the magnetic tape, 12 data tracks TDy

to TDll and the control track TC are formed on the

upper half of the tape, while 12 data tracks TDjj to

TD,3 and the time code track TT are formed on the lower

half of the tape.

Further, when the magnetic tape is

1 inch wide, analog tracks TA;, TA; are formed on the

upper and lower edges of the tape, respectively, 24

data tracks TDg to TDy3 and the control track TC are

formed on the upper half of

track TT and 24 data tracks

the lower half of the tape.

TD34 to TDy7 are formed on

As a matter of course, interchangeability for

different widths of the magnetic tape 1 need not be

taken into consideration.

The recording format for a 1/4 inch tape width

is shown as an example in Table 1 below.

Table 1
Format A Format B Format C
number of channels 8 4 2
number of'tracké 1 2 1 4
tape speed (cm/s) 76.00 38.00 19.00
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The above tape speed corresponds to the
sampling frequency fg for the PCM signals equal to
50.4 kHz. The sampling frequencies fg5 of 44.1 or
32.0 kHz are also possible for tape speeds different
from the above values. -The PCM signal code formation
and modulation type are common for the respective
formats. The Table 2 below shows the typical relation
between the data tracks TDg to TD7 and the associated

channels for these formats.

Table 2

Data track Format A Format B Format C
TDg CH1 CH1-A CH1-A
Dy cH2 CH2-A CH2-A
D3 CH3 CH3-A CH1-C
TD3 CH4 CH4-A CH2-C
TD4 CH5 CH1-B CH1-B
TDsg CH6 CH2-B CH2-B
IDg CH7 CH3-B CH1-D
D7 | CHB CHé—B CHé—D

Thus, one channel is recorded as one data track
and two data tracks A, B for the formats A and B, re—
spectively, whereas one channel is recorded as four

tracks A, B, C and D, for the format C.
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Next, the relation among data track TD,
control track TC and time code track TT is explained.

When the format A for recording one-channel
signals in one track is applied to the magnetic tape
1/4 inch wide, the respective audio PCM signals for the
eight channels CH) to CHg are recorded on the eight data
tracks TDg to TD7 shown in Fig. 1 in the predetermined
coded form.

As shown in Fig. 2A, the data track TD (TDg -
TD7) and the control track TC are so placed relative to
each other that the end point of one sector of the data
track is in register with the end point of one sector
of the control track. 4-block data are present in one
sector of data track TD. As shown in Fig. 2B, one
transmission block (referred to simply as block) is
made up of 1l6-word data with each word consisting of
16 bits, a data sync signal (indicated by hatching)
added to the beginning of the word and a CRC code added

to the end of the word. A 3-bit block address signal

- is inserted in the data sync signal domain, with the -

block address signal and the data being checked for
error by CRC. Each sector of the control track TC is
composed of a 4-bit control word (shown by hatching), -
a 1l6-bit control word, a 28-bit sector address signal

and a 16-bit CRC code. The control word is used for
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discerning the recording format and sampling frequency
of the PCM audio signals to be recorded, whilé the
sector address is an absolute address incrementing from
an address zero, with the control word and the sector
address being checked for error by CRC. A modulation
system making possible high-density recording such as

3 PM type is used for recording on the control track TC,
whereas FM type is used for recording on the control
track TC. The least significant bit Sg of the sector
address signal is made to be in register with the most
significant bit of each block address signal of the four
blocks of the sector. Thus the block address [Bjy By Bgl
is sequentially changed in the sector in the order of
[sg 001, [Sg 011, [sg 101 and [Sg 1l1l.

As shown in Fig. 3, a recording head HR, a
reproducing head HP and a recording head HR' are arranged
in this order in the proceeding direction of the magnetic
tape 1. Each of these heads has ten .in-line recording
or reproducing magnetic gaps arranged transversely of
the magnetic tape 1, of which eight gaps are associated.
with data tracks TDy to TD7, and the remaining two gaps

are associated with the control track TC and time code

-track TT. The first recording on the magnetic tape 1

is by the recording head HR, while the recording head

HR' is used for sync-recording, cut in/out, etc.

- 10 -
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Rewriting of the control track TC once formed by the
recording head HR is not allowed, with rewriting being
made only of the data track.

Fig. 4 shows the construction of the recording
system and Fig. 5 the construction of the reproducing
system. Audio PCM signals for channels CHj to CHg are
supplied from input terminals 2a to 2h to encoders 3a
to 3h, respectively. Each of the encoders 3a to 3h is
provided with an interleave circuit, parity generator,
CRC addition circuit and a sync signal addition circuit
etc. and forms a code block consisting of a 6-word PCM
word and a 2-word parity word. A train of data from
the encoders 3a to 3h are supplied to the recording
heads HRg to HR7 through modulators 5a to 5h _and record-
ing amplifiers 6a to 6h. The recording heads HRg to HR7y

are arranged in-line transversely of the magnetic tape

C 1.

The above described signals are recorded on

the control track TC by the recording control head HRc.

- The signals recorded on the control track TC are formed

at the control encoder 8 from the discerning signals and

timing signals supplied from the terminal 7, and are

. supplied to the recording control head HRc through.

modulator 9 and recording amplifier 10.

Facing respectively to the data tracks TDg

- 11 =~
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to TD7 and the control track TC of the magnetic tape 1
are a series of reproducing heads HPy to HP7 and a
reproducing control head HPs. As shown in Fig. 5,

the outputs of the reproducing heads HPg to HPy and HPg
are supplied via reproducing amplifiers 1lla to 11lh and
12 to clock extracting circuits 13a to 13h and 14. The
extracting circuits 1l3a to 13h and 14 are adapted for
extracting bit cloéks synchronized with the reproducing
signals. The outputs of the extracting circuits 1l3a to
13h are supplied via demodulators 1l5a to 15h for data
strings of the respective channels to time axis compen-
sation circuits (TBC) l7a to 17h. The outputs from clock
extracting circuit 14 are supplied to a demodulator 18
where reproducing control signals are obtained and
supplied to a control decoder 19.

The demodulators 1l5a to 15h are associated
with data sync signal separating circuits.

Capstan servoeing signals are generated by
the control decoder 19. As described in our copending
patent application No. 82-50307, the TBC makes use of
the block addresses recorded in the respective data
tracks TDg to TD7 for determining the write addresses
of the memories associated with TBC's 17a to 17h.
Read-out from the TBC's 17a to 17h is by reference

clock pulses, and a train of data free from time axis

- 12 -
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fluctuations are supplied to the outputs of the TBC's
17a to 17h. The train of output data from these TBC's

17a to 17h are supplied to the decoders 20a to 20h.

‘BEach of the decoders 20a to 20h is provided with a CRC

checker, a deinterleave circuit, an error correction
circuit and an error compensation circuit. Reproduced
audio PCM signals arelsupplied to output ig:minals 2l1la
to 21h.

The recording system has a series of encoders
3a to 3h constructed in the similar manner, as shown by
way of an example in Fig. 6. A train of one-channel
PCM data composed of successive words Wi are supplied
from terminal 22 to an even-odd distributor 23 where
they are divided into 12 data groups, that is, data

groups W(l), W(3), W(5), W(7), W(9) and W(1ll) each

- consisting of odd numbered words and data groups W(2),

W(4), W(6), W(8), W(1l0) and W(l2) each consisting of

even numbered words. The data groups consisting of odd

numbered words and the data groups consisting of the

even numbered words are subjected to error correction

and encoding operations independently of one another.

These data groups are composed of the following words.
W(l) = (W1, W13, W25, «....)

W(3) = (W3, Wi, W27s cesca)

- 13 -
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W(ll) = (Wll, W23’ W35, ----- )
W(Z) = (Wz: Wl4r Wzs, ..... )
w(4) = (W4l WlGI W281 ----- )
w(l2) = (W]_Zr W24: W361 P |

The six words taken from data groups W(l) -
W(1ll) consisting of odd numbered words are supplied to
a (mod. 2) adder for forming first parity data groups
P(l). For example, (P} = W3 @ W3 @ Wg @ Wy @
Wg (:>,Wll)' These data groups are supplied to an
interleaver 24A. The interleaver 24A has delay circuits
adapted for providing delays equal to 0, d, 24, 34, 54,
6d and 7d, where 4 is a unit delay quantity (block).
A delay quantity equal to 3d is added to the parity data
groups P(l). The respective words taken from the re-
spective data groups appearing at the output of the
interleaver 24A are supplied to the (mod. 2) adder
where the second parity data groups Q(1l) are formed.
These six data groups W(l) to W(1ll) and parity data
groups P(1l)', Q(l) are supplied to an interleaver 25A.
The interleaver 25A has delay circuits for providing
delays equal to 0, (b-d), 2(D-d}, 7(D-d), while delays
equal to 3(D-d) and 4(D-d) are allotted to the parity
data groups P(1l}', Q(1). The eight data groups W(l) -

W"(11l) produced in the interleave circuit 25A are

- 14 -
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supplied to a synthesizer 26.

The above described interleave circuit consists
of two tandem connected interleavers 24A, 25A. Delay
quantities O, D, 2D, --=-, 7D are allotted to the respec-
tive data groups and parity data are formed from words
taken from the respective data groups appearing at the
dividing points (cross interleaving). The unit delay
quantities .d, D are chosen so that the least common
multiple of d and (D-d) exceeds 7D so that plural words
contained in a code block of the first parity data and
plural words contained in-a code block of the second
parity data have a maximum of one word in common with
each other. For example, d = 2 and D = 17.

The PCM data groups W(2) - W(12) composed of
even-numbered words from the even-odd distributor 23 are
subjected to an error correction coding through using
the cross interleaving as described above and by means
of the tandem connected interleavers 24B, 25B and the
(mod. 2) adder. The coded data groups are supplied to
a delay circuit 27 causing a delay equal to K (blocks)
and the data groups W(2) - W"(12) appearing af the
outputs are supplied to the synthesizer 26. The
purpose -of affording a uniform delay of K to the data =~
groups consisting of the even-numbered words is to

perform an error correction or compensation even in

- 15 =
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instances where errors occur frequently at the editing
points in the case of splice editing as described in
our copending Japanese Provisional Patent Publication
No. 81-54140.

The coded data groups described above are
supplied to the synthesizer 26 where the l12-word PCM
data taken from the respective groups and 4-word parity
data are arranged into a one-block data to which the
CRC code is added at the CRC generator 28 and the

resulting signal is taken from an output terminal 29.

A sync addition circuit, not shown, is provided to the

output terminal 29 for forming the signal block as shown
in Fig. 7.

In the above described embodiment of the:
invention, the data groups consisting of the odd-
numbered PCM words and the data groups consisting of
the even-numbered PCM words undergo separate coding so
that the interleaving manner of, for example, the odd-
numbered data groups are as shown in Fig. 8. As inter-
leaved ouﬁput; when the timing at which the data [W,,

w3", Wg", Pi™, Q1', W;", Wo" and Wi1" appear is used as

-reference, the code blocks including PCM word Wi are

formed by plural words indicated by mark O and plural
words indicated by marks X. Thus the code block which

gives the parity worxd Pj is [W;, W3, W5, P31, Wy, Wol

- 16 -
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whereas the code block which gives the parity word o]

is [wy, W3', Ws', Py', Q1, Wy', Wo', Wyy']. When record-
ed on the magnetic tape, the words of these code blocks
are distributed at intervals of (D = 17 blocks) and

(D~D = 15 blocks). In such cross-interleaving, the
length of the code series is (7D = 119 blocks).

The decoders 20a to 20h in the reproducing
system-are constructed in the similar manner as shown
by way of an example in Fig. 9. A train of data to be
reproduced‘(reproducing data) are supplied from terminal
30 to a-distributing circuit 31. The train of data are
already error checked per each transmission block at the
preceding stage by CRC checker and 1-bit error flags
representative of the check results are separately added
to the respective words. These data are distributed by

the circuit 31 into a set consisting of six PCM data

“groups W(l) - W"(1ll) and two parity data groups P"(1),

Q' (1) and another set consisting of the remaining six
PCM data groups W(2) - W"(12) and two parity data groups
P"(2), Q'(2), these-setsvbeing error-corrected independ-
ently of each other. First of all, the odd-numbered
words and the associated data groups are supplied to

a delay circuit 32 -where they are delayed by K blocks
uniformly, after which they are supplied to deinter-

leaver 33A. The deinterleaver 33A affords to the

-17 -
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respective data groups delay quantities equal to 7(D-d),
6(D-d), 5(D-d) ---- 0 for cancelling the delays introduced
by the interleaver 25A. The output data groups supplied
from deinterleaver 33A are supplied to a Q decoder 34A
where error correction is performed by using second
parity data group Q(1). The data groups except Q(1)

are supplied to deinterleaver 35A. The deinterleaver

35A is so arranged as to afford delay quantities equal

to 74, 6d, --—- 0 to the data groups for cancelling the
delay introduced by the interleaver 24A of the recording
system. The output from the deinterleaver is suppiied'
for error correction to the P decoder 36A. By the error
correction performed at the Q decoder 34A and P decoder
36A, an error flag concerning the corrected word is
cleared and replaced by one indicating the absence of
error. At the outputs of the P decoder 36A, there appear
PCM data groups W(l) - W(1ll) consisting of even-numbered
words.

Concerning PCM data groups consisting of even-
numbered words and the associated parity data groups
W(2) - W(l2), there are provided a deinterleaver 33B,

a Q-decoder 34B, a deinterleaver 35B and a P-decoder 36B
so that error-corrected PCM data groups appear at the
output of the P-decoder 36B. The PCM data groups W(1l) -

W(12) appearing at P-decoders 36A, 36B are supplied to

- 18 =~
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- an even-odd synthesizer 38, the output of which is

supplied to a compensating circuit 37 where the un-
corrected‘erqr;wdrdsAqré:ihterpolated with the average

value of the neighborihg correct words. The output of

‘_the compensating circuit 37 is obtained at output

terminal 39 as PCM audio signal, There are provided

0 decoders 34A, 34B and P decoders 36A, 36B for perform-
ing error corrections twice for elevating an error
correcting capability.

In the case of a B format in which one-channel

signals are distributed in two tracks for recording and

a C format in which one-channel signals are distributed
in four tracks for recording, the aforementioned Japanese
Provisional Publication No. 57-27410 discloses an art in
which one~channel signals are encoded by an encoder and
then distributed by demultiplexer in two or four tracks
per block.

Since the error correction is performed across

plural tracks, should a prolonged dropout be caused by,

- for instance, a scratch or the like flow in the tape,

the data for one track are destructed. Should short

dropout occur in another track, error correcting compen-

_sation may become occasionally impossible, thus making-

it temporarily impossible to obtain reproduced audio

signals.

- 19 -
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An embodiment of the invention by which the

disadvantage may be overcome is now described.

Fig. 10 shows the construction for the

recording system for the format B shown in Table 1.

Fig. 11 shows the construction of the reproducing

system.

Referring to Fig. 10, audio PCM signals for

CHy - CH4 are supplied from the input terminals 2a to

2d to matrix circuits 4la to 41d operating as switching

and distributing means.

These matrix circuits 4la -

41d perform a kind of matrix transformation so that the

respective words of the PCM signals are distributed in

two tracks A, B per channel in accordance with pre-

determined matrix pattern.

An example of the word

sequence for the respective PCM signals distributed by

the matrix circuits into tracks A, B is shown in Table 3

below, for the assumed word sequence Wj, Wy, W3, Wy =——.

Table 3

Tracks A Wy

W2

Ws

We

Wg

Wig

Tracks B W3

Wy

W7

Wg

W11

Wio

- e o=

In the example of the above Table, the two

consecutive words of the input PCM signal are distributed

- 20 -
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of the original input PCM signal is maintained after
distribution. This is in consideration of the fact
that the data groups consisting of odd-numbered words
are separated from the data groups consisting of even-
numbered words-at the time of interleawving -at the
encoder, these separate data series undergoing separate
error correcting coding operations.

The following Table 4 shows another example
of the distributing method capable of maintaining the

even—~odd sequence of the input PCM signals.

Table 4

Tracks B | W3 Wo W Weg Wi Wip cose

Tracks A | Wy | Wg | Wg | Wg | Wy | Wip | .-..

The 2-track PCM signals from the matrix

" circuits 4la - 414 are supplied to eight encoders 3a -

3h associated respectively with the eight data tracks

- TDg - TDy in accordance with the B-format allotment

shown in Table 2. Thus the track-A PCM signalsvof the
respective matrix circuits 4la - 414 are supplied
respectively to the encoders 3a - 3d, while the track-B
PCM sighals of the matrix circuits 4la - 41d areiSuppiied'
respectively to the encoders 3e to 3h.

These encoders 3a -~ 3h operate in the same

- 21 -
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manner as the encoders 3a - 3h of Fig. 4 and are
similarly constructed, as shown by way of an example

in Fig. 6. In this case, the word numbers of the PCM
signals supplied to the encoders 3a - 3h shown in Fig.
10 are regarded as being independent of the word numbers
of the PCM signals of the original channels. For
example, when the words Wi, Wa, W5, Wg, ——— are supplied
sequentially and successively as a result of distribu-
tion of the Table 3, the encoders will perform the above
described interleaving and error correcting coding
operations by regarding them as the first, second,
third, fourth words etc. The encoding operation is
effected in the respective encoders 3a to 3h in the
manner as described in connection with Figs. 6 to 8.

The data groups from the encoders 3a - 3h are
supplied via modulators 5a - 5h and recording amplifiers
6a — 6h to recording heads HRg - HRy7, respectively.

The signals recorded in the control track TC
are formed at control encoder 8 on the basis of the
discerning and timing signals from terminal 7, and are
supplied via modulator 9 and recording amplifier 10 to
a recording control head HRc.

- In the reproducing system shown in Fig. 11,
the outputs from the reproducing heads HPy - HPy and

HP, are supplied via reproducing amplifiers 1lla - 1lh

- 22 -
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and 12 to clock extracting circuits 13a - 13h and 14.
The outputs from clock extracting circuits 13a - 13h
are supplied via demodulators l1l5a - 15h to TBC's l7a
- 17h (time axis compensating circuits). The output
from the clock extracting circuit 14 is supplied to a
demodulator 18 where a reproducing control signal is
generated and supplied to a control decoder 19. The
output data groups from TBC's l7a - 17b are supplied
to decoders 20a - 20h. These TBC's 17a ~ 17h and
decoders 20a - 20h operate in the same manner as de-
scribed in connection with Figs. 5 and 8.

The PCM signals from the decoders 20a - 20h
appear in the same manner as the signals supplied from
the above described recording matrix circuits 4la - 414
to the encoders 3a - 3h and constitute four-channel PCM
signals with two of eight track signals corresponding
to one channel. Inverse matrix circuits 42a - 424 are
provided for performing the inverse operation of the

matrix circuits 4la - 41d in order to synthesize two

‘of eight track signals from the decoders 20a - 20h for

converting them into four-channel PCM signals. These

inverse matrix circuits 42a - 424 are of substantially
similar construction and operate in such a manner that
the input signal words of the two tracks A, B are taken

out in the order of W;, Wz, W3, W4, --- as shown in

- 23 -
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Table 3 for forming one-channel PCM signals. The
relation between the eight decoders 20a - 20h and the
four inverse matrix circuits 42a - 424 is the same as
that between the eight data tracks TDg - TD7 of the
format B of Table 2 and the four channels CHj - CHy.
The outputs from the inverse matrix circuits
42a - 42d are supplied to coding error correction/com-
pensation circuits 43a ~ 43d for interpolating the
interval destitute of signals so as to make up the
operation of the decoders 20a - 20h. This renders it
possible to make an interpolation on the basis of the
reproducing signals of the other track even when the
reproducing signals of one track are absent for pro-
longed time. The reproducing audio signals of the
respective audio PCM signals are taken at output

terminals 2la - 21d.

The above is an example of the recording and

reproducing system of the PCM signals in accordance with

the format B of the Tables 1 and 2. The recording and
reproducing system of the format C is now explained by

referring to Figs. 12 and 13.

Fig. 12 shows an example of the construction

of the PCM signal recording system of the aforementioned-

format C. ~The PCM audio signals for the channels CHy,

CH, are supplied from input terminals 2a, 2b to matrix
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circuits 44a, 44b operating as switching distributing
means. The matrix circuits 44a, 44b are constructed

in the similar manner and operable for distributing 16
words of the input PCM signal to four tracks A, B, C
and D in accordance with a 4x4 matrix pattern. Table 5
below shows the signal word sequence of the tracks A, B,
C and D distributed by the matrix circuits for the
assumed word sequence Wi, Wy, W3, W4 ——-—- of the input

PCM signals.

Table 5

Tracks A Wl Wl4 Wll W8 W17 W30 WZ'] W24 PR

Tracks B | Wg Wo Wis | Wi | W21 Wig| W31 | W2g{ --.-

Tracks C | Wq Weg W3 Wig| W25 | Woo | Wig | W321 ...

Tracks D| Wi3 | Wig | W7 | Wy | W29 | Wog | W23 | W2o[ ...

In the distributing method of Table 5, the
odd-even alternating relation of the input PCM signals
is maintained in the output signals of the respective
tracks A, B, C and D, in such a manner that the inter-
leaving operation etc. in the succeeding encoder stage
which considers the odd or even number of the words
may be performed effectivély.

I+ should be noted that other 4x4 matrix
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patterns other than that shown in Table 5 above may be
devised so that the distributing method satisfying the
alternating relation between the odd and even word
numbers may be determined.

The 2-channel 8-track outputs CH3j-A - CHy-D
from these matrix circuits 44a, 44b are ultimately
recorded in the data tracks TDg - TD7 in accordance
with the allotment for the format C shown in Table 2.
Thus the eight encoders 3a - 3h are associated with
eight data tracks TDg - TDy and the outputs of the
tracks A, B, C and D of the first channel CH;y from the
matrix circuit 44a are supplied respectively to encoders
3a, 3e, 3c, 3g, while the outputs of the tracks A, B, C
and D of the second channel CH; from matrix circuit 44b
are supplied respectively to encoders 3b, 3f, 3d, 3h.
These encoders 3a - 3h may be constructed and operated
in the same manner as the encoders shown in Figs. 4 and
6 to 8 so that the above described encoding operation
is performed in the word sequence of the input signal
{and thus independently of the word sequence of the
original channel). The outputs from the encoders 3a -
3h are supplied via modulators 5a - 5h and recording
amplifiers 6a - 6h to the recording heads HRy - HRy for
recording and forming the aforementioned data tracks

TDg — TDy7. The control signal recording system is
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similar to that shown in Fig. 4 or Fig. 10 so that the
corresponding description is omitted.

Fig. 13 shows an example of the construction
of the reproducing system by means of which the data
tracks TDg - TD7 recorded in accordance with the format
C are subjected to a reproducing operation for producing
the original PCM signals of the two channels CHy, CHj.

Referring to Fig. 13, the reproducing outputs
from the reproducing heads HPy - HP7 facing to the data
tracks TDg - TD7 are supplied via reproducing amplifiers
lla - 1llh to the clock extracting circuits 13a - 13h.
The outputs from the extracting circuits 13a - 13h are
supplied via demodulators 15a - 15h to TBC's (time axis
compensating circuits) 17a -~ 17b. The outputs from
TBC's 1l7a -~ 17h are supplied to decoders 20a - 20h
performing the reverse of the operation of the afore-
mentioned encoders. The outputs from decoders 20a - 20h
are the same as the signals supplied to the encoders
3a - 3h from the matrix circuits 44a, 44b of the record-
ing system shown in Fig. 12. For example, the outputs
from the decoders 20a, 20e, 20c, 20g are in the
sequence of the words of the tracks A, B, C, D shown
in Table 5 and are supplied to an inverse matrix circuit
45a performing the reverse of the operation of the

matrix circuit 44a. In addition, the outputs from the
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decoders 20b, 20f, 204, 20h are supplied to an inverse
matrix circuit 49b as signals of the respective tracks
A, B, C and b for the second channel CH,. By means of
these inverse matrix circuits 44a, 44b, the signal
words of the respective tracks A, B, C and D of the
channels CHj, CHp are taken in the word sequence Wi,
W2, W3, W4, ——— shown in Table 5 so as to be used as
PCM signals of the respective channels. The outputs
from the inverse matrix circuits 44a, 45b are supplied
respectively to coding error correction/compensation
circuits 46a, 46b where the track interval destitute
of signals is recovered by interpolation so as to make
up the operations of the decoders 20a - 20h. Thus,
reproducing audio PCM signals for the channels CH;, CHj
appear respectively at output terminals 2la, 21b. The
control signal reproducing system may be constructed
as shown in Figs. 5 or 11 so that corresponding
description is omitted.

In the above described embodiments of the
present invention, there is no necessity for providing
separate circuits for the eight encoders 3a -~ 3h or
the eight decoders 20a - 20h corresponding to the eight
tiacks, but a high-speed operating or processing circuit
may be used in a time-sharing confiquration so that the

circuit operates as equivalent for eight encoders or
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eight decoders.

Furthermore, it may be so arranged that the
formats A, B, C that are the aforementioned three kinds
of the recording format may be discerned automatically
so that, for example, the recording matrix circuits
may be operated selectively as a function of the selected

recording format so that a predetermined one of dis-

- criminating bits C13 - Cg may be set in the control word

as a function of the kind of the selected recording-
format. It may also be so arranged that, during repro-
duction, the recording format may be discerned from the
discriminating bit for automatically selecting the
reproducing inverse matrix circuit so that reproduction
may be made in any of the aforementioned three kinds of
the recording format.

From the foregoing it is seen that, in the
PCM signal recording method of the present invention,
the respective words of the PCM signal of one channel
are distributed to the respective tracks in accordance
with a predetermined distribution format, after which
the signals are encoded by separate encoders for the
respective tracks, so that error correction etc. may
be performed by the decoding operation on each track,
while data interpolation may be effectively utilized

in the event that a given .recording track should fail
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to perform data reproduction for prolonged time. In
addition, the allowable limit for error occurrence or
the error correction capability may be enlarged in
comparison with the case of using an encoder or a
decoder per each channel, thus making it possible to
perform PCM signal recording and reproduction of higher
quality.

Industrial Applicability

As discussed above, the PCM signal recording
method of the present invention may be advantageously
applied to the fixed head type PCM recording and
reproducing apparatus and makes it possible to provide
a PCM recording and reproducing apparatus capable of
successfully dealing with prolonged dropout especially

due to tape flows.
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Claim

1. A method for PCM signal recording wherein each
channel of a single-channel or multichannel PCM signals
is subjected to distribution to a plurality of recording
tracks, characterized iﬁ that the respective words of
one-channel PCM signals are correspondingly distributed
to said recording tracks by switching distributing'
means in accordance with a predetermined matrix pattern,
and in that the PCM signals composed of the distributed
words and corresponding to the respective tracks are
supplied to a plurality of recording heaé§ via separate
encoders adapted to correct for codiﬁg error so that
recording is made in such a manner that a plurality of
recording tracks are formed on a recording medium.

2. The method for PCM signal recording as claimed
in claim 1 characterized in that the encoder divides

the input words into an odd-number word groups and an
even-number word groups, shifts the thus divided odd-
number and even-number words by a predetermined period
of time,‘subjects the Qdd?number wo&dgrand the even-
number words to code erroxr corrécting coding inde-
pendently of each other, and outputs a combination of
the thus divided and coded odd and even number words;

3. The'method for PCM signal recording as claimed

in claim 1 characterized in that said distributing means
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distribute a sequence of predetermined words of the
input PCM signals and a next sequence of predetermined
words so as to be sequentially recorded in one record-
ing track and in another recording track.

4. The method for PCM signal recording as claimed
in claim 1 characterized in that said switching dis-
tributing means distribute a word sequence of the input
PCM signal so as to be sequentially recorded across a
recording track and another recording track.

5. The method for PCM signal recording as claimed
in claim 1 characterized in that said switching dis-
tributing means sequentially distribute a sequence of

a predetermined number of words of the input PCM signals
so that these words are sequentially distributed in the
respective recording tracks and the order of words
recorded in one recording track is modified.

6. fhe method for PCM signal recording as claimed
in claim 1 characterized in that said switching dis-
tributing means comprize a matrix circuit for matrix
conversion of the input word series in accordance with

a predetermined matrix pattern for outputting a plurality

of output word groups.
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